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TITLE OF THE INVENTION 
Resist Composition and Patterning Method 



This invention relates to a novel resist composition 
adapted for microf abrication, and a patterning method. 

10 

BACKGROUND OF THE INVENTION 
A number of efforts are currently made to achieve a 
finer pattern rule in the drive for higher integration and 
operating speeds in LSI devices. Deep-ultraviolet, x-ray 

15 and electron beam lithography processes are thought to 
hold particular promise as the next generation in 
microf abrication technology. Deep-UV lithography is 
capable of pattern generation to dimensions of 0.25 pm or 
less and, when a resist material having low light 

20 absorption is used, can form patterns with sidewalls that 
are nearly vertical to the substrate. One technology that 
has attracted a good deal of attention recently utilizes a 
high- intensity KrF or ArF excimer laser as the deep-UV 
light source. Resist materials with low light absorption 

25 and high sensitivity are needed to successfully apply this 
technology to large-volume production. 

In conjunction with the demand for higher 
integration, higher operating speeds and finer pattern 
rules in LSI devices, an attempt has also been made to 

30 increase the diameter of substrates . There is a desire to 
have a resist composition which when applied to current 
mainstream 8-inch substrates, forms a coating having a 
thickness uniformity, free of defects, and wettable with 
an aqueous base developer, and which has a good storage 

35 stability in that particles do not increase during storage 
in solution form. 
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In light of this, acid-catalyzed chemical 
amplification type resist materials were recently 
developed. As the large-scale manufacture technology of 
these resist materials advances, their problems of 
5 applicability, wettability and storage stability become 
outstanding. 



SUMMARY OF THE INVENTION 
An object of the invention is to provide a novel and 

10 improved resist composition which when combined with 

large-scale manufacture technology, forms a coating having 
a thickness uniformity, free of defects, and wettable with 
an aqueous base developer, and which has a good storage 
stability in that particles do not increase during storage 

15 in solution form. Another object is to provide a 
patterning method using the resist composition. 

According to the invention, there is provided a 
resist composition comprising a f luorochemical surfactant. 
When the resist composition is coated onto a substrate to 

20 form a coating, f luorochemical surfactant functions to 
reduce the contact angle at the interface between the 
surface of the resist coating and water or an aqueous base 
developer as the amount of the f luorochemical surfactant 
added increases . The f luorochemical surfactant is 

25 preferably of the general formula (1) defined later. This 
resist composition eliminates the inconveniences of resist 
material with respect to applicability, wettability, and 
storage stability. 



30 BRIEF DESCRIPTION OF THE DRAWING 

The only figure, FIG. 1 is a graph showing the 
contact angle of resist compositions as a function of the 
amount of a f luorochemical surfactant added. 



35 



DESCRIPTION OF THE PREFERRED EMBODIMENT 
The resist composition of the invention contains a 
f luorochemical surfactant which functions such that the 
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contact angle at the interface between the surface of the 
resist composition coated onto a substrate and water or an 
aqueous base developer decreases as the amount of the 
f luorochemical surfactant added increases. 
5 The f luorochemical surfactant is preferably of the 

following general formula (1). 

Rf - [ ( CH^ ) l^-CH^CHR^CH^O- ( CH^CHR^O ) ^-CH^CHR^CH^ - [ O ( CH^ ) ^] „-Rf ' 

(1) 

10 

is hydrogen, a hydroxyl group, a straight, 
branched or cyclic alkoxy group of 1 to 6 carbon atoms, or 
an alkylcarbonyloxy group whose alkyl moiety has 1 to 6 
carbon atoms, R^ is hydrogen or a straight, branched or 

15 cyclic alkyl group of 1 to 6 carbon atoms, a is a positive 
integer of 0 to 6, m is equal to 0 or 1, and n is a 
positive integer of 1 to 40, each of Rf and Rf, which may 
be the same or different, is a straight, branched or 
cyclic fluoroalkyl group having 1 to 12 carbon atoms, in 

20 which all groups attached to its carbon atoms are fluorine 
atoms or some are fluorine atoms and the remainder are 
hydrogen atoms . 

The substituents in formula (1) are described in 
more detail. R^ is hydrogen, a hydroxyl group, a straight, 

25 branched or cyclic alkoxy group of 1 to 6 carbon atoms , or 
an alkylcarbonyloxy group whose alkyl moiety has 1 to 6 
carbon atoms, preferably a hydroxyl group or a straight, 
branched or cyclic alkylcarbonyloxy group whose alkyl 
moiety has 1 to 6 carbon atoms. Examples of the straight, 

30 branched or cyclic C^.g alkyl group include methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, tert -butyl, 
n-pentyl, isopentyl, hexyl, cyclopentyl, and cyclohexyl. 
Preferably R^ is hydroxyl, methoxy or acetoxy. 

R^ is hydrogen or a straight, branched or cyclic 

35 alkyl group of 1 to 6 carbon atoms, preferably hydrogen or 
a straight or branched alkyl group of 1 to 3 carbon atoms, 
more preferably hydrogen or a straight alkyl group of 1 to 
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2 carbon atoms. Examples of the straight, branched or 
cyclic Ci.g alkyl group include methyl, ethyl, n-propyl, 
isopropyl, n-butyl, isobutyl, tert -butyl, n-pentyl, 
isopentyl, hexyl, cyclopentyl, and cyclohexyl. Preferably 
5 is hydrogen or methyl. 

Letter a is a positive integer of 0 to 6, preferably 

0 to 4 , more preferably 0 to 2 . Letter n is a positive 
integer of 1 to 40, preferably 1 to 20, more preferably 1 

to 10, most preferably 2 to 8 . Letter m is equal to 0 or 1. 
10 Each of Rf and Rf is a straight, branched or cyclic 

fluoroalkyl group having 1 to 12 carbon atoms, preferably 

1 to 8 carbon atoms, more preferably 4 to 8 carbon atoms. 
This alkyl group may be either entirely substituted with 
fluorine atoms or partially with fluorine atoms, with the 

15 remainder being hydrogen atoms . Rf and Rf ' may be the 

same or different. Exemplary groups are trif luoromethyl, 
perf luoroethyl , perf luoropropyl, perf luorobutyl , 
perf luoropentyl, perf luorohexyl, perf luoroheptyl, 
perf luorooctyl , perf luorononyl, perf luorodecyl , 

20 perf luoroundecyl , perf luorododecyl , perfluoro-3- 

methylbutyl, perf luoro-5-methylhexyl, perfluoro-7- 
methyloctyl, perf luoro-9-methyldecyl, 2H-tetraf luoroethyl , 
4H-octaf luorobutyl , 6H-dodecaf luorohexyl, 8H- 
hexadecaf luorooctyl, lOH-icosaf luorodecyl, 2H- 

25 hexaf luoropropyl, 2 -f luoroethyl, IH-hexaf luoroisopropyl, 
and 1, 1 -bis (trif luoromethyl) ethyl. Of these, preferred 
are perf luorobutyl, perf luorohexyl, perf luorooctyl , 
perf luorodecyl, perf luoro-3-methylbutyl, perfluoro-5- 
methylhexyl, perf luoro-7-methyloctyl, perfluoro-9- 

30 methyldecyl, 2H-tetraf luoroethyl, 4H-octaf luorobutyl , 6H- 
dodecaf luorohexyl, and 8H-hexadecaf luorooctyl . 

The f luorochemical surfactants of formula (1) are 
commercially available, for example, under the trade name 
of KH-10, KH-20, KH-30 and KH-40 from Asahi Glass K.K. It 

35 is preferable to use KH-20 and KH-30. 

Preferably, the f luorochemical surfactant is blended 
in the resist composition in an amount of 10 to 2,000 
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parts, more preferably 50 to 700 parts by weight per 
million parts by weight of the composition. Less than 10 
ppm of the f luorochemical surfactant would fail to achieve 
coating thickness uniformity and to prevent coating 
5 defects. More than 2,000 ppm of the f luorochemical 
surfactant can cause a drop of resolution. 

The resist composition of the invention may be 
either positive or negative working. Components other 
than the f luorochemical surfactant may be well-known ones. 

10 The resist composition is preferably of the chemical 

amplification type adapted to be exposed to high- energy 
radiation having a wavelength of 500 nm or less, x-rays 
and electron beams. More preferably, it is a chemically 
amplified positive working resist composition comprising a 

15 base resin in the form of an alkali -insoluble or scarcely 
soluble resin having acidic functional groups protected 
with acid- labile groups so that the resin becomes alkali 
soluble when the acid- labile groups are eliminated, a 
photo-acid generator capable of generating acid upon 

20 exposure to deep UV, x-rays or electron beams, typically 
an organic solvent for dissolving these components, and 
optional additives such as a basic substance or acidic 
substance and a dissolution inhibitor. The resist 
composition may be a chemically amplified negative working 

25 resist composition comprising an alkali -soluble resin, a 
crosslinking agent having a group reactive with the 
alkali -soluble resin in an acidic condition, typically a 
methylol group, a photo-acid generator capable of 
generating acid upon exposure to deep UV, x-rays or 

30 electron beams, and an organic solvent for dissolving 
these components. A resist composition for g-line or 
i-line mainly composed of a novolak resin and a 
naphthoquinonediazide compound may be used. 

The above -described f luorochemical surfactant is 

35 blended in the compositions . 

Specifically, the invention is applicable to any 
desired one of a chemically amplified resist composition 
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primarily comprising a polyhydroxystyrene protected with 
at least two acid-labile groups as described in JP-A 
9-211866; a chemically amplified resist composition 
primarily comprising a polyhydroxystyrene protected with 
5 at least two acid- labile groups and acid-labile 

crosslinking groups as described in JP-A 11-190904; a 
chemically amplified resist composition primarily 
comprising a polyacrylic resin-polyhydroxystyrene 
copolymer protected with acid- labile groups as described 

10 in JP-A 6-266112; and a chemically amplified resist 
composition for exposure with an ArF excimer laser 
primarily comprising a polyacrylic resin or 
polycycloolef in resin. 

The organic solvent used in the resist composition 

15 is not critical. Illustrative, non-limiting, examples of 
the organic solvent include ketones such as cyclohexanone 
and methyl-2-n-amylketone; alcohols such as 3-methoxy- 
butanol, 3-methyl-3-methoxybutanol, l-methoxy-2-propanol, 
and l-ethoxy-2-propanol; ethers such as propylene glycol 

20 monomethyl ether, ethylene glycol monomethyl ether, 
propylene glycol monoethyl ether, ethylene glycol 
monoethyl ether, propylene glycol dimethyl ether, and 
diethylene glycol dimethyl ether; and esters such as 
propylene glycol monomethyl ether acetate, propylene 

25 glycol monoethyl ether acetate, ethyl lactate, ethyl 

pyruvate, butyl acetate, methyl 3-methoxypropionate , and 
ethyl 3-ethoxypropionate . These solvents may be used 
alone or in admixture of two or more . 

Also provided is a method for forming a resist 

30 pattern comprising the steps of (i) coating the above- 
described resist composition onto a substrate to form a 
coated film, (ii) heat treating the coated film and then 
exposing it to high-energy radiation having a wavelength 
of 500 nm or less, x-rays or electron beams through a 

35 photo mask, and (ill) optionally heat treating the exposed 
film and developing it with a developer. 
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To form a pattern using the chemically amplified 
positive resist composition of the invention, any well- 
known lithographic technique may be employed. For example, 
the resist composition is applied onto a substrate such as 
5 a silicon wafer as by spin coating, and pre-baked on a hot 
plate at 60 to 150° C for 1 to 10 minutes, preferably at 80 
to 120°C for 1 to 5 minutes, thereby forming a resist film 
having a thickness of 0.3 to 5.0 pm. A mask for forming 
the desired pattern is then placed over the resist film, 

10 and the resist film is exposed to high-energy radiation 
such as deep-UV having a wavelength of 500 nm or less, 
preferably 300 nm or less, excimer laser beams and x-rays 
or electron beams, in a dose of about 1 to 200 mJ/cm^, 
preferably about 10 to 100 mJ/cm^. The film is then baked 

15 on a hot plate at 60 to 150°C for 1 to 5 minutes, 

preferably at 80 to 120°C for 1 to 3 minutes (post -exposure 
baking = PEB) . Using a developer such as an aqueous base 
solution containing 0.1 to 5% by weight, preferably 2 to 3% 
by weight of tetramethylammonium hydroxide (TMAH) , the film 

20 is developed by a conventional method such as dipping, 

puddling or spraying, followed by rinsing with pure water. 
In this way, a desired resist pattern is formed on the 
substrate. The resist compositions are best suited for 
fine patterning with actinic radiation, especially deep-XJV 

25 radiation having a wavelength of 254 to 157 nm, excimer 

laser beams, x-rays and electron beams. If some steps are 
carried out under conditions outside the above-defined 
ranges, the process would fail to form the desired pattern. 
In the case of negative resist compositions, the 

30 desired pattern can be formed by effecting steps (i), (ii) 
and (iii) in a conventional manner. 

There has been described a resist composition 
comprising a specific f luorochemical surfactant, which can 
be applied onto a substrate to form a coating having 

35 improved thickness uniformity, free of defects, and 

wet table with an aqueous base developer. The composition 
has a good storage stability in that particles do not 
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increase during storage in solution form. Additionally, 
the composition is sensitive to high-energy radiation and 
is improved in sensitivity, resolution and reproducibility. 
Moreover, the resulting pattern is less prone to overhang 
5 formation and has an excellent dimensional controllability. 
Because of these features, the inventive resist composition 
is appropriate as a micropatterning material in VLSI 
fabrication at the exposure wavelength of a KrF or ArF 
excimer laser . 

10 

EXAMPLE 

Examples of the present invention are given below by 
way of illustration and not by way of limitation. All 
parts are by weight. Mw is a weight average molecular 
15 weight and TMAH is tetramethylammonium hydroxide. 

1. Resist formulation 

Resist compositions A, B, C, D, and E formulated 
below were used as chemical amplification type positive 
20 working resist materials . 



Resist composition A 


Parts 


polyhydroxystyrene having hydroxyl groups 
partially protected with 14 mol% 1-ethoxyethyl 
and 13 mol% tert-butoxycarbonyl . Mw = 11,000 


80 


bis ( cyclohexylsulf onyl ) dlazome thane 


5 


tributylamine 


0.125 


propylene glycol raonomethyl ether acetate 


450 



Resist composition B 


Parts 


polyhydroxystyrene having hydroxyl groups 

5 mol% tert-butoxycarbonyl, and crosslinked with 
4 mol% 1,2-propane did di vinyl ether, 
Mw = 25,000 


80 


triphenylsulf onlum tosylate 


2 


salicylic acid 


1 


tributylamlne 


0.125 


propylene glycol monomethyl ether acetate 


450 




Resist composition C 


Parts 


poly[ (t -butyl acrylate) - ( hydroxystyrene ) ] 
copolymer (molar ratio 30/70), Mw = 10,000 


80 


bis ( cyclohexylsulf onyl ) diazomethane 


5 


salicylic acid 


1 


tributylamine 


0.125 


propylene glycol monomethyl ether acetate 


450 


Tal?le 4 


Resist composition D 


Parts 


poly I ( t-butyl methacrylate ) - (methyl 
methacrylate) - (polymethacrylic acid)] copolymer 
(molar ratio 40/40/20), Mw = 12,000 


80 


tr ipheny Isulf onium perf luorobutyl sulf onat e 


2 


tributylamine 


0.125 


mixture of propylene glycol monomethyl ether 
acetate and ethyl lactate in a ratio of 7/3 


450 


Table 5 


Resist composition E 


Parts 


poly [ (t-butyl-5-norbornene-2-carboxylate) - (maleic 
anhydride) - (5-norbornene-2 , 3-dicarboxylic 
anhydride)] copolymer (molar ratio 30/50/20). 
Mw = 9,000 


80 


triphenylsulf onium perf luorobutylsulf onat e 


2 


tributylamine 


0.125 


cyclohexanone 


450 
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2 . Surfactant 

The surfactants used are shown below. 



5 



Table 6 


No. 


Surfactant (Example) 


Amount (ppm) 


1 


KH-20 (Asahi Glass K.K. ) 


100 


2 


KH-20 (Asahi Glass K.K.) 


300 


3 


KH-20 (Asahi Glass K.K.) 


500 


4 


KH-30 (Asahi Glass K.K.) 


300 


5 


KH-40 (Asahi Glass K.K.) 


300 


Table 7 


No. 


Surfactant (Comparative Example) 


Amount ( ppm ) 


6 


S-381 (Asahi Glass K.K.) 


300 


7 


FC-430 (Siimitomo 3M K.K.) 


300 



3 . Contact angle measurement 

An amount of each surfactant was added to the resist 

10 composition A, which was passed through a 0.1-[Jin Teflon 
filter. This resist solution was spin-coated onto a 
silicon wafer and baked on a hot plate at 100° C for 90 
seconds to form a resist film of 0.55 pm thick. 

A droplet of a 2.38 wt% TMAH aqueous solution 

15 serving as a developer was applied onto the coated 

substrate. The contact angle of the TMAH solution with 
the surface of the resist film was measured using a 
contact angle meter. The results are shown in FIG. 1. 

20 4. Application test 

A resist composition as shown in Tables 8 and 9 was 
passed through a O.l-jxm Teflon filter. This resist 
solution was spin-coated onto twenty 8-inch silicon wafers 
and baked on a hot plate at 100° C for 90 seconds to form a 
25 resist film of 0.55 pm thick. 

The frequency (%) of flecks generated on the twenty 
coated films was determined as one index of applicability. 
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A smaller frequency of flecks indicates better 
applicability . 

Film thickness was measured at 35 points spaced from 
the center of the wafer at a pitch of 5 mm in a direction 
parallel to the orientation flat. The range of variation of 
film thickness is used as another index of applicability. A 
smaller range indicates better applicability. 

5. Anti-f earning ability and storage stability 

A resist composition as shown in Tables 8 and 9 was 
passed through a 0.1-nm Teflon filter. Using a liquid 
particle counter KL-20 (Lion K.K. ) , the number of particles 
with a size of more than 0.3 nin in 1 ml of this resist 
solution was counted. 

The number of particles in the solution which was 
allowed to stand for 8 hours after filtration is 
designated an initial value and used as an index of anti- 
foaming ability. A smaller number of particles indicates 
better anti-foaming ability. 

While the solution was aged, the number of particles 
was inspected at intervals . The number of days passed 
when a count of 50 particles /ml was reached is used as an 
index of storage stability. A larger number of days 
indicates better storage stability. 

6. Exposure test 

A resist composition as shown in Tables 8 and 9 was 
passed through a O.l-pim Teflon filter. This resist 
solution was spin-coated onto a 8-inch silicon wafer and 
baked on a hot plate at 100° C for 90 seconds to form a 
resist film of 0.55 pm thick. 

Exposure was made on the resist film using a KrF 
excimer laser stepper (NSR-2005EX8A, from Nikon Corporation; 
NA = 0.5) while changing the dose and focus . The exposed 
film was baked at 110° C for 90 seconds and developed for 60 
seconds with a 2.38% TMAH aqueous solution, thereby giving a 
positive pattern. Note that resist compositions D and E, 
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whlch were essentially adapted for an ArF excimer laser, 
were evaluated by means of the KrF excimer laser stepper. 

The resulting 0.22-\m line- and- space resist pattern 
was examined for focus margin and edge roughness. A 
5 greater focus margin indicates better resolution, and a 
smaller edge roughness indicates better resist pattern 
reproducibility . 

The results are shown in Tables 8 and 9. Table 8 
reports the results of Examples within the scope of the 
10 invention while Table 9 reports the results of Comparative 
Examples . 



Table 8 



Resist 
ccanposition 


Surfactant 


Frequency 
of 
coating 
flecks 
(%) 


Range of 

film 
thickness 
variation 
(A) 


Initial 
particle 
number 
(/ml) 


Storage 
stability 
(days) 


Focus 
margin 
(}xm) 


Edge 
roughness 
(nm) 


A 


No. 2 


0 


10 


<5 


>120 


0.8 


5 


B 


No. 2 


0 


8 


<5 


>120 


1.0 


5 


C 


No. 2 


0 


12 


<5 


>120 


0.8 


7 


D 


No. 2 


0 


12 


<5 


>120 


0.8 


7 


E 


No. 2 


0 


15 


<5 


>120 


0.8 


6 


B 


No. 1 


0 


10 


<5 


>120 


1.0 


6 


B 


No. 3 


0 


10 


<5 


>120 


1.2 


4 


B 


No. 4 


0 


11 


<5 


>120 


1.1 


6 


B 


No. 5 


0 


13 


<5 


>120 


1.1 


6 
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Table 9 



Resist 
composition 


SiorfactaBt 


Frequency 
of 
coat ing 
flecks 
(%) 


Range of 

film 
thickness 
variation 
(A) 


Initial 
particle 
number 
(/ml) 


Storage 
stability 
( days ) 


Focus 
margin 
(tun) 


Edge 
roughness 
(nm) 


A 


No. 6 


20 


20 


20 


90 


0 . 6 


10 


B 


No. 6 


30 


25 


17 


90 


0 . 8 


11 


C 


No. 6 


25 


23 


15 


90 


0.6 


14 


D 


No. 6 


20 


22 


13 


90 


0.6 


15 


E 


No. 6 


30 


30 


16 


90 


0.6 


15 


A 


No. 7 


40 


23 


26 


90 


0.6 


12 


B 


No. 7 


30 


25 


20 


100 


0.8 


11 


C 


No. 7 


20 


27 


21 


90 


0.6 


15 


D 


No. 7 


35 


22 


21 


70 


0.6 


17 


E 


No. 7 


30 


21 


30 


70 


0.6 


19 



Japanese Patent Application No. 10-267855 Is 
Incorporated herein by reference. 
5 Although some preferred embodiments have been 

described, many modifications and variations may be made 
thereto in light of the above teachings . It is therefore 
to be understood that the invention may be practiced 
otherwise than as specifically described without departing 
10 from the scope of the appended claims . 
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CLAIMS : 

1. A resist composition comprising a f luorochemical 
surfactant which functions to reduce the contact angle at 
5 the interface between the surface of the resist 

composition coated, onto a substrate and water or an 
aqueous base developer as the amount of the f luorochemical 
surfactant increases. 

10 2. The resist composition of claim 1 wherein said 
f luorochemical surfactant is of the following general 
formula ( 1 ) : 

Rf - [ ( CH2 ) p ] CH^CHR'CHp - ( CHsCHR^O ) „- CH^CHR^CHj - [ O { CH2 ) ^ ] „- Rf ' 
15 (1) 

wherein is hydrogen, a hydroxyl group, a straight, 
branched or cyclic alkoxy group of 1 to 6 carbon atoms, or 
an alkylcarbonyloxy group whose alkyl moiety has 1 to 6 

20 carbon atoms, R^ is hydrogen or a straight, branched or 

cyclic alkyl group of 1 to 6 carbon atoms, a is a positive 
integer of 0 to 6 , m is equal to 0 or 1 , and n is a 
positive integer of 1 to 40, each of Rf and Rf, which may 
be the same or different, is a straight, branched or 

25 cyclic fluoroalkyl group having 1 to 12 carbon atoms, in 
which all groups attached to its carbon atoms are fluorine 
atoms or some are fluorine atoms and the remainder are 
hydrogen atoms . 

30 3. The resist composition of claim 1 which is of 

chemical amplification type and to be exposed to high- 
energy radiation having a wavelength of 500 nm or less, 
x-rays or electron beams. 

35 4. A method for forming a resist pattern comprising the 
steps of: 
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(i) coating a resist composition according to claim 
3 onto a substrate, 

(ii) heat treating the coated film and then exposing 
it to high-energy radiation having a wavelength of 500 nm 
or less, x-rays or electron beams through a photo mask, 
and 

(iii) optionally heat treating the exposed film and 
developing it with a developer. 
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ABSTRACT 

A resist composition is provided comprising a 
5 f luorochemical surfactant which functions to reduce the 
contact angle of a coating of the resist composition with 
water or an aqueous base developer as the amount of the 
f luorochemical surfactant increases. The resist 
composition forms a coating having a thickness uniformity, 
10 free of defects, and wettable with an aqueous base 

developer when applied onto a substrate, and has a good 
storage stability in that particles do not increase during 
storage in solution form. 



FIG.1 
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I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign application(s) 
for patent or inventor's certificate or of any PCT international application(s) designating at least one country 
other than the United States of America listed below and have also identified below any foreign application(s) 
for patent or inventor's certificate or any PCT international application(s) designating at least one country other 
than the United States of America filed by me on the same subject matter having a filing date before that of the 
application(s) of which priority is claimed: 



PRIOR FOREIGN/PCT APPLICATION{S) AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. 119: 



COUNTRY 
(If PCT. indicate ' PCT'-) 


APPLICATION NUMBER 


^ DATE OF FILING^ 


UNDER 3 


CLAIMED 
3 use 119 


Japan 


10-267855 


22 Septen±>er 1998 


Qyes 


□ NO 








□ yes 


□ no 








□ VES 


□ NO 








□ yes 


□ NO 








□ yes 


□ no 
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1 hereby claim the benefit under Title 35, United States Code. §120 of any United States application(,) or PCT intcrnafonal 
application(s) designating the United States of America that is/are listed below and. insofar as the subject matter of each of the claims of 
this app icat.on ,s not disclosed in that/those prior application (s) in the manner provided by the llrst paragraph of Title 35. United States 
Code. §1 12. I acknowledge the duty to disclose material information as defined in Title 37, Code of Federal Regulations. § 1. 56(a) which 
Recurred between the filing date of the prior application(s) and the national or PCT international filing date of this application- 



U S. APPLICATION NUMBER 



U.S. FILING DATE 



ABANDONED 



PCT APPLICATION NO. 



PCT FILING DATE 



POWER OF ATTORNEY: As a named inventor, I hereby appoint I. William Mlllen (19,544); Joiin L. White (17 746)- 
Anthony J Zelano (27 969); Alan E. J. Branigan (20,565); John R. IMoses (24,983); Harry B. Shubin (32,004); Brion P 
Heaney (32,542); Diana Hamlet-King (33,302); Richard J. Traverse (30,595); Richard E. Kurtz (33,936); John A Sopp (33 103) 
to prosecute this application and transact ail business in the Patent and Trademark Office connected therewith. 



Send Correspondence to: MiLLEN, WHITE, ZELANO AND BRANIGAN, P.C. Telephone No. 

Arlington Courthouse Piaza I, Suite 1400 703-243-6333 
2200 Clarendon Boulevard 
Arlington, Virginia 22201 



Direct Telephone Calls to: 



FAMILY NAME 
OF INVENTOR WATANABE 



FIRST GIVEN NAME 

Satoshi 



SECOND GIVEN N, 



Nakakubiki-gu; 



STREET e/o Specialty Chemic, 

28-1. Oaza Ni.shifnlrn 



I'STvResearch Center, Shln-Et 

hima. KnhiTci-mTn-a M=.] 



FIRST GIVEN N; 

Toyohisa 



SECOND GIVEN NAME 



Nakakubiki-giin 



STATE OR FOREIGN COUNTRY 

Ni igata-ken, Japan 



COUNTRY OF CITIZENSHIP 



STREET c/o Specialty Chemica 
28-1. Oaza Ni .^h i f ,iVi,^h 



ISTYResearch Center 

ima. Kllhiki-mn-ra, NakpTc,ihiVI 



1 SCDHfeMI&at3.DE©©UNTRl,td. , 



RESIDENCE & 



CITY 

Nakakubiki-gun 

STREET c/o Specialty Chemica 

FAMILY NAMF 



STATE OR FOREIGN COUNTRY 

Niigata-ken, Japan 



COUNTRY OF 

Japan 



l<aT^esearch Center, Shin-Ets' 

h.ima.. Ktlhi ki -rrmr-a ^ NakaVnKiV 



FIRST GIVEN N, 

Shigehiro 



1 ^■H§i*iiieaqD5G®uNTRx,td. , 

pnn. Niigata-kon, .Tapan 



SECOND GIVEN NAME 



CITY 

Nakakubiki-gun 
STREET c/o Specialty Chemicajl* 
2«-1 ■ O^z;^ Ni.^hifnVii.= h 

.\ NAME f 



STATE OR FOREIGN COUNTRY 

Ni igata-ken 



Japan 



Chemlcajl^T^esearch Center, Shin-Ets 
ima. Knhiki-mnra NakaknKik 



COUNTRY OF CITIZENSHIP 

Japan 



^HSM'esqo^uNTRL t d . 



SECOND GIVEN N, 



CITY 

Nakakubiki -gun 



STATE OR FOREIGN COUNTRY 

Niigata-ken, Japan 



COUNTRY OF CITIZENSHIP 



Japan 



■ c/o Specialty Chemica 



IS'T'tlesearch Center, Shin-Ets 



1 ?]:«Sriif€S9D^UNTRLtd. , 



FIRST GIVEN N 



STATE OR FOREIGN COUNTRY 



COUNTRY OF CITIZENSHIP 



iP CODE/COUNTRY 
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OF INVENTOR 


FAM.lv NAME 


FIRST GIVEN NAME 


SECOND GIVEN NAME 


RESIDENCE S 
CITIZENSHIP 




STATE OR FOREIGN COUNTRY 


COUNTRY OF CITIZENSHIP 


ADDRESS 


STREET 


CITY 


STATE & ZIP CODE/COUNTRY 


CO 

o 


FULL NAME 
OF INVENTOR 


FAMILVNAME 


FIRST GIVEN NAME 


SECOND GIVEN NAME 


RESIDENCE & 
CITIZENSHIP 


CITY 


STATE OR FOREIGN COUNTRY 


COUNTRY OF CITIZENSHIP 


POST OFFICE 
ADDRESS 


STREET 


CITY 


STATE & ZIP CODE/COUNTRY 


1 


FULL NAME 
OF INVENTOR 


FAMILY NAME 


FIRST GIVEN NAME 


SECOND GIVEN NAME 


RESIDENCE & 


CITY 


STATE OR FOREIGN COUNTRY 


COUNTRY OF CITIZENSHIP 


POST OFFICE 
ADDRESS 


STREET 


CITY 


STATE & ZIP CODE/COUNTRY 


o 


FULL NAME 
OF INVENTOR 


FAMILY NAME 


FIRST GIVEN NAME 


SECOND GIVEN NAME 


RESIDENCE & 
CITIZENSHIP 


CITY 


STATE OR FOREIGN COUNTRY 


COUNTRY OF CITIZENSHIP 


POST OFFICE 
ADDRESS 


STREET 


CITY 


STATE & ZIP CODE/COUNTRY 




FULL NAME 
OF INVENTOR 


FAMILY NAME 


FIRST GIVEN NAME 


SECOND GIVEN NAME 


RESIDENCE & 
CITIZENSHIP 


CITY 


STATE OR FOREIGN COUNTRY 


COUNTRY OF CITIZENSHIP 


POST OFFICE 






STATE & ZIP CODE/COUNTRY 




FULL NAME 


FAMILY NAME 


FIRST GIVEN NAME 


SECOND GIVEN NAME 


RESIDENCE & 
CITIZENSHIP 




STATE OR FOREIGN COUNTRY 


COUNTRY OF CITIZENSHIP 


POST OFFICE 
ADDRESS 


STREET 


CITY 


STATE & ZIP CODE/COUNTRY 


I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under section 1001 of Title 18 of the United States Code, and 
that such willful false statements may jeopardize the validity of the application or any patent issuing thereon. 


SIGNATURE OF INVENTOR 201 


DATE 


SIGNATURE OF INVENTOR 207 


DATE 


SIGNATURE OF INVENTOR 202 


□ATE 

/^/4^-, ml 


SIGNATURE OF INVENTOR 208 


DATE 


SIGNATURE OF INVENTOR 203 


DATE 


SIGNATURE OF INVENTOR 209 


DATE 


SIGNATURE OF INVENTOR 204 




SIGNATURE OF INVENTOR 210 


DATE 


SIGNATURE OF INVENTOR 205 


DATE 


SIGNATURE OF INVENTOR 21 1 


DATE 


SIGNATURE OF INVENTOR 206 


DATE 


SIGNATURE OF INVENTOR 212 


DATE 
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